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ABSTRACT 

Aims. We attempt to increase the number of Trans-Neptunian objects (TNOs) whose short-term variability has been studied and 
compile a high quality database with the least possible biases, which may be used to perform statistical analyses. 
Methods. We performed broadband CCD photometric observations using several telescopes. 

Results. We present results of 6 years of observations, reduced and analyzed with the same tools in a systematic way. We report 
completely new data for 15 objects (1998SG 35 , 2002GB 10 , 2003EL 61 , 2003FY 128 , 2003MW 12 , 2003OP 32 , 2003WL,, 2004SB 60 , 
2004UX 10 , 2005CB 79 , 2005RM 43 , 2005RN 43 , 2005RR 43 , 2005UJ 438 , 2007UL 126 (or 2002KY 14 )), for 5 objects we present a new 
analysis of previously published results plus additional data (2000WR 106 , 2002CR+6, 2002TX 300 , 2002VE 95 , 2005FY 9 ) and for 9 
objects we present a new analysis of data already published (1996TL 66 , 1999TZ l5 2001YH I40 , 2002AW 197 , 2002LM 60 , 2003AZ 84 , 
2003COi, 2003VS 2 , 2004DW). Lightcurves, possible rotation periods and photometric amplitudes are reported for all of them. The 
photometric variability is smaller than previously thought: the mean amplitude of our sample is O.lmag and only around 15% of 
our sample has a larger variability than 0.15mag. The smaller variability than previously thought seems to be a bias of previous 
observations. We find a very weak trend of faster spinning objects towards smaller sizes, which appears to be consistent with the fact 
that the smaller objects are more collisionally evolved, but could also be a specific feature of the Centaurs, the smallest objects in our 
sample. We also find that the smaller the objects, the larger their amplitude, which is also consistent with the idea that small objects 
are more collisionally evolved and thus more deformed. Average rotation rates from our work are 7.5 h for the whole sample, 7.6 h 
for the TNOs alone and 7.3 h for the Centaurs. All of them appear to be somewhat faster than what one can derive from a compilation 
of the scientific literature and our own results. Maxwellian fits to the rotation rate distribution give mean values of 7.5 h (for the whole 
sample) and 7.3 h (for the TNOs only). Assuming hydrostatic equilibrium we can determine densities from our sample under the 
additional assumption that the lightcurves are dominated by shape effects, which is likely not realistic. The resulting average density 
is 0.92 g/cm 3 which is not far from the density constraint that one can derive from the apparent spin barrier that we observe. 
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1. Introduction 

The rotational properties of the asteroids provide plenty of in- 
formation about important physical properties, such as density, 
internal structure, cohesion and shape (e.g., |Pravec & Harris 
pOOOjl; |Holsapple| ( [200T] j2004) ). As for asteroids, the rota- 
tional properties of the Kuiper Belt Objects (KBOs) provide a 
wealth of knowledge about the basic physical properties of these 
icy bodies (e.g. |Sheppard & Jewitt| (|2002|>; |Ortiz et al.| ((2006 ); 
Trilli ng & Bernstein| ( |2006[ ); |Sheppard et al.| ( |2008] i)7ln addi- 
tion, rotational properties provide valuable clues about the pri- 
mordial distribution of angular momentum, as well as the de- 
gree of collisional evolution of the different dynamical groups in 
the Kuiper Belt. Rotational properties can also provide empirical 
tests of predictions based on models of the collisional evolution 
of the Kuiper Belt ( Davis & Farinella 1997| Benavidez & Campo 
Bagatin|2009| . 

Studies of short-term photometric variability of Kuiper Belt 
Objects allow us to retrieve rotation periods from the photomet- 
ric periodicities and these studies also provide constraints on 
shape (or surface heterogeneity) by means of the amplitude of 
the lightcurves. Therefore, observational programs on time se- 
ries CCD photometry are a good tool for studing the Kuiper 
Belt. Unfortunately, most KBOs are faint and CCD photome- 
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try programs are time expensive and require medium to large 
telescopes. For this reason and in contrast to the case for aster- 
oids, the sample of KBOs for which short-term variability has 
been studied is not large and more importantly, the sample of 
objects with known rotation periods is severely biased toward 
large photometric amplitudes, the reason being that the large 
amplitude objects produce lightcurves that are much easier to 
observe and from which a rotation period can be unequivocally 
obtained. Very long rotation periods are also difficult to deter- 
mine and scientists rarely publish null results or failed attempts 
to derive lightcurves, which causes a bias in the literature. In 
other words, the scientific literature in the Kuiper Belt field con- 
sists mostly of high amplitude lightcurves, which are not truly 
representative of the rotation properties of the whole Kuiper Belt 
population. 

Other biases are present in the literature, such as an over- 
abundance of large objects because larger bodies are usually 
brighter and easier to observe. One can try to avoid this bias by 
studying Centaur objects, which are not TNOs because they are 
not farther away than Neptune but are widely accepted to origi- 
nate in the Kuiper Belt; they are thus KBOs that recently came 
to the inner solar system vicinity, with "recently" meaning time 
frames of several mega-years, the typical lifetime of Centaurs 
( Tiscareno & Malhotra|200 3j). The currently known Centaurs are 
smaller than TNOs with the same brightness. Therefore, target- 
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ing Centaurs provides information about small size objects of 
the Kuiper Belt that would otherwise be too faint for telescopic 
studies. 

Based on the afore me ntionned ideas we initiated a pro- 
gramme to photometrically monitor as many KBOs as possible, 
trying to build a reasonably good sample in terms of number of 
objects observed and also in terms of the amplitude biases. Thus, 
we published even dubious rotation periods of low-amplitude 
lightcurve objects rather than omitting them. In their review of 
asteroid rotation rates, |Binzel et al.| ( 1989[ ) emphasized that ex- 
cluding poor reliability objects results providing more weight to 
asteroids with large amplitudes and short periods, introducing a 
significant bias. 

We present new results from our survey and a reanalysis of 
several bodies for which we had already published results. We 
reanalyzed the data for these bodies either because we had ac- 
quired more data or because we had developed superior analysis 
tools that resulted in what we consider an improvement. All the 
objects presented here were analyzed with the same tools and 
software and therefore represent a homogeneous data set. The 
work presented here summarizes a considerable effort in which 
more than 5000 images were reduced and analyzed. 

This paper is divided into 6 sections. Section 2 describes the 
observations and the data sets. Section 3 describes our software 
reduction tools and the methods used to derive e.g., periodicities, 
rotation periods and photometric range. Section 4 deals with the 
main results obtained for each object and Section 5 discusses 
the results altogether. Finally, our findings are summarized in 
Section 6. 

2. Observations 

As already mentioned, our group at the Instituto de Astroffsica 
de Andalucfa (IAA, CSIC) started a vast program on lightcurves 
of the KBOs in 2001. Observations were carried out from 
the 1.5 m telescope at Sierra Nevada Observatory (OSN - 
Granada, Spain), from the 2.2 m CAHA telescope at Calar Alto 
Observatory (Almeria, Spain), and from the 2.5 m Isaac Newton 
Telescope (INT) at El Roque de Los Muchachos (La Palma, 
Spain). 

The typical seeing during the observations at OSN ranged 
from 1.0" to 2.0", with a median seeing around 1.4". The ob- 
servations reported here were carried out by means of a 2kx2k 
CCD with a total field of view (FOV) of 7.8'x7.8'. We used a 
2x2 binning mode, which changes the image scale to 0.46"/pixel. 
This scale was sufficient to ensure accurate point spread function 
sampling even in the best seeing cases. 

At Calar Alto, the median seeing of the observations was 
around 0.9". For our observations, we used the Calar Alto Faint 
Object Spectrograph (CAFOS). This instrument is equipped 
with a 2048x2048 pixel CCD. Image scale is 0.53"/pixel, which 
is good enough to achieve good sampling for most cases, al- 
though for the highest quality seeing some images were slightly 
undersampled. 

At INT, the median seeing was around 1". Our observations 
were obtained with the Wide Field Camera (WFC) instrument. 
This camera consists of 4 thinned EEV 2154x4200 CCDs. Image 
scale is 0.33"/pixel, which guarantees good sampling even at the 
best seeing moments. 

Exposure time had to be chosen by considering two main 
factors. On the one hand, it had to be long enough to achieve a 
signal to noise ratio (S/N) sufficient to study the observed ob- 
ject. On the other hand, it had to be short enough to avoid elon- 
gated images of the target (if the telescope was tracked at side- 



real speed) or elongated field stars (if the telescope was tracked 
at the KBO speed). We always chose to track the telescope at 
sidereal speed. Our observations concerned, basically, two kinds 
of objects: TNOs and Centaurs. Drift rate of TNOs is typically 
low, ~2"/h, so an exposure time of around ~300 to ~600 seconds 
was used.The drift rate of Centaurs is higher than that of TNOs, 
typically being ~10"/h. For Centaurs observations, we typically 
used an exposure time of ~200 seconds. 

Observations were performed either unfiltered or using the 
Johnson Cousins R filter to maximize the S/N. Among the ob- 
servations presented in this work, the majority were carried out 
without filter, while the R filter was used for: 1999 TZ\, Haumea 
(2003 EL 6i ), Makemake (2005 FY 9 ), Orcus (2004 DW) and 
Varuna (2000 WR106) and for INT observations. Since the goal 
of our studies is short term variability, we require relative pho- 
tometry, not absolute photometry. Therefore, the use of unfil- 
tered images is not a concern for our work. Important geometric 
data of the observed objects at the dates of observations analyzed 
here are summarized in Table 1 . 

Our sample of objects was selected according to the their 
brightnesses. Very faint objects cannot be observed with a 1.5 m 
or a 2 m telescope with the needed S/N, thus we restricted our 
target list to objects brighter than 21 mag in V as predicted 
magnitudes for the dates of our observing runs according to the 
Minor Planet Center (MPC) ephemerides generator. 

3. Data reduction 

During each observing night, a series of bias and flat fields were 
in general obtained to correct the images. We thus created a me- 
dian bias and a median flatfield for each day of observation. 
Care was taken not to use bias or flat field frames that might be 
affected by observational or acquisition problems. The median 
flatfields were assembled from twilight dithered images and the 
results were inspected for possible residuals from very bright 
saturated stars. The flatfield exposure times were always long 
enough to ensure that no shutter effect was present so that a gra- 
dient or an artifact of some sort could be present in the corrected 
images. Each target image was bias subtracted and flatfielded us- 
ing the median bias and median flatfield of the observation day 
but if daily information about the bias and flat field was not avail- 
able, we used the median bias and median flat field of a former 
or subsequent day. No cosmic ray removal algorithms were used 
and we rejected the images in which a cosmic ray hit or a star 
was too close to the object. 

Relative photometry using as many as 25 field stars was car- 
ried out by means of Daophot routines ( |Stetson| (fT987)). The typ- 
ical error bars of the individual time integrations were ~0.01 mag 
for the brightest targets, and 0.06 mag for the faintest objects (in 
the poorest observing conditions). Care was taken not to intro- 
duce spurious results due to faint background stars or galaxies in 
the aperture. If observations were adversely affected by cosmic- 
ray hits within the flux aperture, we did not include them in our 
results. 

We used a common reduction software for the photometry 
data reduction of all the images, but since they came from three 
different observatories, some parameters of the software were 
specific for each data set. Those parameters were related to the 
aperture size, which ranged from 6 to 24 pixels. 

The choice of the aperture diameter is important. We had to 
choose an aperture as small as possible to obtain the highest sig- 
nal to noise ratio but large enough to include most of the flux. 
We typically used an aperture radius of the same order as the 
full width at half maximum (FWHM) of the seeing. We carried 
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out the aperture photometry with several aperture radii values 
around the FWHM. We also used an adaptable aperture radius, 
which was different for each image and resulted from the fit of 
a Moffat star profile to several stars in the field; this allowed us 
to adapt to the varying seeing during the night. For all apertures 
used, we chose the results that gave the lowest scatter in the pho- 
tometry of both the target and of stars with similar brightness as 
our target. Several sets of reference stars were used to obtain the 
relative photometry of all the targets, and only the set that gave 
the lowest scatter was used. In many cases, several stars had to be 
rejected from the analysis because they exhibited some variabil- 
ity. The final photometry of our targets was computed by taking 
the median of all the lightcurves obtained with respect to each 
reference star. By applying this technique, spurious results were 
eliminated and the dispersion of the photometry improves. 

During an observational campaign, we tried to keep the same 
field and therefore the same reference stars. In some cases, ow- 
ing to the drift of the observed object, the field changed com- 
pletely or partially. If the field changed completely, we used dif- 
ferent reference stars for two or three subsets of nights in the 
entire run. If the field changed partially, we tried to keep the 
greatest number of reference stars in common during the whole 
campaign. This number varied from 6 to 25. We generated TIFF 
images within which all the reference stars were marked for each 
observation night. 

When we combined several observing runs, we had to nor- 
malize the photometry data to its average because we did not 
have absolute photometry that would allow us to link one run 
with the other; in several instances, we did experiment with try- 
ing to link several runs by using absolute photometry, and the 
errors involved were generally much larger than what we can 
achieve by normalizing the photometry to the mean or median 
value. Furthermore, the small jumps in the photometry caused 
by the inevitable absolute photometry offsets cause spurious fre- 
quencies in the periodogram analysis. This is especially true for 
very low variability objects, which are numerous. By normaliz- 
ing the means of several runs, we assume that a similar number 
of data points are in the upper part and lower part of the curves. 
This may not be true if the runs are only two or three nights long, 
but this is not usually the case. We emphasize that we normalized 
the mean of each run not the mean of each night. 

The final time series photometry of each target was inspected 
for periodicities by means of the Lomb technique ( |Lomb|1976| l 
as implemented in |Press et al. ( 1992 1, but we also verified the re- 
sults by using several other time series analysis techniques (such 
as PP M), thelHarris et al.| ( fl9"8"9l l method and the CLEAN tech- 
nique ( |Foster 1995| l. Asmentioned before, the reference stars 
were also inspected for short-term variability. We can thus be 
confident that no error has been introduced by the choice of ref- 
erence stars. To measure the amplitudes of the short-term vari- 
ability, we performed Fourier fits to the data to determine the 
peak to valley amplitudes (full amplitudes). 

As mentioned in the Section 2, we generally acquired our 
observations without a filter. Using no filter may be a problem in 
some cases depending on sky conditions and CCD types. Many 
CCDs have strong fringing effects caused by near-infrared inter- 
ference and mainly related to e.g., their pixel size and thinning. 
But this was not the case for our observations. By obtaining un- 
filtered images, we reached deeper magnitudes with sufficient 
signal to noise. We used an R filter when we anticipated that 
using no filter could be a problem. 

In some cases, we combined data obtained without a filter 
with data obtained with the R filter, for example for 2005 RN43 
or 2005 RR43. We assumed that only the lightcurve amplitude is 



affected when one observes in a different filter, but the rotation 
period would be the same. Besides, our unfiltered observations 
are close to R because the CCD sensitivity is usually reaches a 
maximum at red wavelengths. Thus, we expect this effect to be 
small, but might alter the periodogram to some degreee. 

Even though absolute photometry was not the goal of the ob- 
servations, we computed approximate magnitudes for a few im- 
ages per object per observing run. To obtain approximate R mag- 
nitudes, we used USNO-B1 stars in the field of view as photo- 
metric references. Since the USNO-B1 magnitudes are not stan- 
dard BVRI magnitudes and because we also did not use BVRI 
filters, we derived very approximate magnitudes, with a typical 
uncertainty of 0.4 mag. 

The time series photometry of all the objects is 
provided as online Table 1 in the "Center of astro- 
nomical Data of Strasbourg" (CDS) and on the link: 
"www.iaa.es/~ortiz/thirouinetal2010/supportingonlinematerial.pdf 
We have highlighted in bold face the times corresponding to the 
images that we used to obtain an R magnitude calibration. The 
remaining R magnitudes in the table were obtained by using 
the relative magnitude information. In online Table 1, we also 
present are geometric data such as geocentric and heliocentric 
distance and phase angle. The R magnitudes that the TNOs 
would have if they were at 1 AU from the Earth and the Sun 
(iiir(1,1)) are also shown. No phase corrections were applied. 



4. Photometric results 

We present our results in terms of the following classification 
of KBOs, which are based on dynamical criteria: (i) Classical 
group representing objects under the influence of Neptune and 
away from the main mean motion resonances; (ii) Resonant ob- 
jects which are in mean motion resonances with Neptune; (iii) 
Scattered Disk Objects (SDOs) which have a high orbital ec- 
centricity and have had a close encounter with Neptune in the 
past that sent them to their present position; and (iv) Centaurs 
considered to be similar to TNOs but to reside between Jupiter's 
and Neptune's orbits, after having experienced a close encounter 
with Neptune. We used the minor planet center lists to classify 
all these bodies. 

The lightcurves and Lomb periodograms for 
all objects are provided as online material (on- 
line Fig 1 to online Fig 59) on the link: 
"www.iaa.es/~ortiz/thirouinetal2010/supportingonlinematerial.pdf 
We only present an example of lightcurve in Fig 1 . 

4.1. Classical objects 

(120132) 2003 FY m is a classical object observed on 09, 10, 1 1, 
12 February 2005 and 09 March 2005 at the OSN telescope. The 
Lomb periodogram (online Fig 1 ) for our data contains an impor- 
tant peak (confidence level >99%) at 8.54 h (2.81 cycles/day), 
which is a single peaked periodicity. A double peaked period- 
icity of 17.08 h might be more appropriate because the fit to a 
Fourier series shows minima and maxima of different values, but 
neither PDM nor the Harris method, which are less sensitive to 
the exact shape of the lightcurve, proposed a periodicity 17.08 h 
(Fig 1 and online Fig 2). The amplitude is 0.15+0.01 mag. A 
second high peak in the periodogram of a lower spectral power 
is located at 1.76 cycles/day, which appears to be an alias. 



Sheppard ( 2007 ) observed this object in the R band on 09, 10 
March 2005 at the Dupont 2.5 m telescope in Las Campanas in 
Chile. They presented a very flat lightcurve based on 17 data 
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points. They noted that 2003 FY128 has no significant short- 
term variability. A small amplitude <0.08 mag was suggested. 
Potto et al.| p)0"8] l observed this object on 18, 19 April 2007 
at the 3.0 m New Technology Telescope (NTT) at the European 
Southern Observatory at La Silla (Chile). Their photometry ap- 
pears to be inconsistent with some slight short-term variability. 
They presented more than 13 h of observations, in R band but 
could not determine a rotational period. Their own evaluation 
suggests a short-term variability longer than 7 h. 

In conclusion, we present the first lightcurve of this object. 
A period longer than 7 h proposed by Pott o et al.| ( |2008[ l is con- 
sistent with our results. 

(174567) 2003 MW12 is a classical object. This body was 
observed on 28 May 2006, on 05, 06, 07, 10, 23, 24 June 2006 
and on 12, 13, 14, 26, 27 April 2008 at the OSN telescope. 
We present two possible lightcurves (online Fig 3), one based 
on a single peak periodicity of 5.9 h (4.07 cycles/day) and an- 
other single peaked one of 7.87 h (3.04 cycles/day), which ap- 
pears to be an alias. The Lomb periodogram (online Fig 4) sug- 
gests a periodicity of 5.9 h, but the Harris, PPM and CLEAN 
techniques infer a 7.87 h period. The amplitude of the curve is 
0.06±0.01 mag. From visual inspection, the best-fit lightcurve is 
obtained for a period of 5.9 h because the alternative fits exhibit 
more scatter. To our knowledge, there is no published photome- 
try of this object to compare with. We present the first lightcurve 
of 2003 MW12 and propose a periodicity of 5.9 h or 7.87 h for 
this object. 

(120178) 2003 OP32 is a classical object observed on 05, 
06, 07, 08, 10 March 2005, on 03, 04, 05 October 2005 and on 
15, 16, 17 September 2007 at the OSN telescope. We propose a 
0.1 3 ±0.01 mag amplitude lightcurve with a short-term variabil- 
ity of 4.05 h (5.93 cycles/day) (online Fig 5). A double peaked 
periodicity of 8. 1 h is neither supported nor excluded by the data. 
The Lomb periodogram (online Fig 6) shows another high peak 
at 6.97 cycles/day and a second peak smaller than the first one 
(but with a high confidence detection level) at 4.89 cycles/day. 
They both appear to be aliases of the main periodicity. All tech- 
niques used confirm a periodic signature at 4.05 h. 

We found one bibliographic reference for this target: 
Rabinowitz et al. ( |2008 1 presented the results of R band ob- 
servations carried out in 2006 July 17 - 2006 November 23 at 
the 1.3 m SMARTS telescope. Seventy-eight sparse sampled 
data points formed a 4.845 h lightcurve with an amplitude of 
0.26 mag. 

Our results appear to be of much higher photometric preci- 
sion than those of |Rabinowitz et aL (2008 1 as our lightcurve has 



a far smaller scatter and is based on 147 data points. The large 
0.26 mag amplitude is rejected by our data, which were opti- 
mized for period determination rather than for phase coefficient 
determination (the primary goal of the sparse sampled observa- 
tions by |Rabinowitz et al.| ( [2008| )). 

(120347) 2004 SB a) is a classical binary object. The magni- 



tude difference between this object and its satellite is 2.3 (Noll 



et al. (2006 1). This object was observed on 05, 06, 07, 10 August 
2005 and on 03, 04, 06, 07 August 2008 at the OSN telescope. 
We present (online Fig 7) two lightcurves: a single peaked pe- 
riodicity of 6.09 h (3.94 cycles/day) or 8.1 h (2.96 cycles/day). 
An amplitude of 0.03+0.01 mag is seen in both cases. Pouble 
peaked lightcurves at 12.18 h or 16.02 h period do not appear to 
be more distinctive. PPM, CLEAN and Lomb techniques (on- 
line Fig 8) favor a periodicity of 6.09 h, but the Harris method 
detects a period of about 8. 1 h. 

To our knowledge, there is no bibliographic source on 
2004 SB60 rotational variability. We present the first lightcurve 



of this body. As in the case of 2003 MW12, we cannot clearly 
favor a rotational period of either 6.09 h or 8.1 h. For very low 
amplitude objects, we know that very small night to night offsets 
in the photometry can transfer a lot of power from the main peak 
to a 24h-alias and viceversa. Therefore, even though 6.09 h is 
the preferred result, 8.1 h is also quite possible and that could be 
true for other aliases. 

2005 CBji) is a classical object. This object was observed 
on 06, 07 January 2008 at the Calar Alto telescope, on 01, 04 
May 2008 and 26 Pecember 2008 at the OSN telescope. A sin- 
gle peaked periodicity of 6.76 h (3.55 cycles/day) is indicated 
by the Lomb periodogram ( online Fig 9). The lightcurve has 
an amplitude of 0.13 mag (online Fig 10). A double peaked pe- 
riodicity of 13.52 h is not preferred by any of the time series 
analysis methods. Apparent aliases are at 2.55 cycles/day and at 
4.55 cycles/day. All the techniques measure the same periods. 

(145452) 2005 RN43 is a classical body observed on 22 
October 2006 at the INT and on 14, 16, 17, 19 September 2007 
and 03, 04, 05, 07, 08 August 2008 at the OSN telescope. The 
Lomb periodogram (online Fig 11) exhibits a high peak with a 
> 99% confidence level at 5.62 h (4.28 cycles/day) and a second 
peak with a lower confidence level at 7.32 h (3.27 cycles/day). 
The lightcurve has an amplitude of 0.04+0.01 mag (online Fig 
12). PPM,CLEAN and the Harris techniques confirm that the 
peak is located at 7.32 h. We cannot conclusively favor one pe- 
riod over the other for similar reasons as for 2004 SB60, but 
7.32 h appears the most likely. 

(145453) 2005 RR43 is a classical object observed on 22, 23, 
26 October 2006 at INT, on 15, 16, 17, 18 Pecember 2006, on 
11, 12, 13, 14, 15, 16 January 2007 at the Calar Alto telescope 
and on 14, 15, 17 September 2007 at the OSN telescope. The 
Lomb periodogram (online Fig 13) exhibits several peaks. We 
note a significant peak located at 7.87 h (3.05 cycles/day) and 
a second peak of a lower significance level at 6.35 h (3.78 cy- 
cles/day). PPM identifies the same peaks at the same values and 
a third peak at 4. 1 cycles/day. We present a lightcurve with a sin- 
gle peak periodicity of 7.87 h (3.05 cycles/day) (online Fig 14). 
A double peaked lightcurve at 15.74 h does not appear more 
likely than the 7.87 h period. The amplitude of the periodic sig- 
nal is 0.06+0.01 mag. 

(50000) Quaoar (formerly 2002 LM(,q) is a binary classi- 
cal object. The magnitude difference between Quaoar and its 
satellite is 5.6+0.2 mag ( |Brown & Suer| ([2007)). Quaoar was 
observed on 21, 22, 23 May 2003, on 17, 18, 19, 20, 21, 22 
June 2003 at the OSN telescope. The Lomb periodogram (on- 
line Fig 15) for this object shows one peak with a high spec- 
tral power corresponding to a periodicity at 8.84 h (2.72 cy- 
cles/day), but a double peaked lightcurve at 17.68 h provides 
a more probable fit because there appear to be two maxima of 
different height. Both, the PPM and CLEAN techniques con- 
firmed the single peaked period with a high spectral power but 
the Harris method suggests the double peaked periodicity. The 
lightcurves are shown in the online Fig 16 both of which have an 
amplitude of 0.15+0.04 mag. 

Our data were used in |Ortiz et aL] ([2003b), who inferred a 
17.67883 h double peaked periodicity with a confidence level 
above 99.9 % and an amplitude of 0.133 mag. This object was 
later observed by IRabinowitz et al. (2007 1. They presented on 



166 R band observations carried out using the 1.3 m telescope 
of the Small and Moderate Aperture Research Telescope System 
(SMARTS). |Rabinowitz eTal] ( [2007] ) suggested a 8.84 h sin- 
gle peaked rotational lightcurve with an amplitude of 0.18 mag, 
which is consistent with our results. 
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|Lin et al. (2007) presented R band results based on the anal- 
ysis of 57 images acquired in 03,04 June 2003 and using the 
Lulin one-meter Telescope (LOT). They proposed a 9.42 h sin- 
gle peaked rotational lightcurve with a confidence level higher 
than 99.9 % and a ~0.3 mag amplitude. Such a high amplitude is 
inconsistent with both our results and those of Rabin owitz et al.l 
(2007), which were obtained using larger telescopes and data 
sets. 

In conclusion, we propose a 17.68 h double peaked period- 
icity or a 8.84 h single peaked periodicity. 

(20000) Varuna (formerly 2000 WRx^) is a classical object. 
Varuna was observed on 05, 07, 31 January 2005 and on 01, 09, 
10 February 2005 at the OSN telescope. The Lomb periodogram 
(online Fig 17) for this object shows a very clear peak with a 
high spectral power corresponding to a periodicity of 3.1709 h 
(7.57 cycles/day), but a double peaked lightcurve for a period 
twice that value has smaller scatter. PDM confirms the 6.3418 h 
period. The lightcurve is depicted in the online Fig 18 and shows 
an amplitude of 0.43+0.01 mag. 



Ortiz et al. ( 2003a i presented results of observations at the 



OSN 1.5m telescope on 08, 09 February 2002. In that work, a 
lightcurve with an amplitude of 0.41 mag and a 6.3436 h double 
peaked rotational (3.1718 h single peak) was proposed. Varuna 
was also observed by Farnham|( |2001| ), who presented results of 
observations carried out on January, March and September 2001. 
They proposed a 6.34 h double peaked rotational lightcurve with 
an amplitude of 0.50mag. Shep pard & Jewitt] ( |2002| l used R- 
observations made on 17-18-19-20 February and April 2001 
at the 2.2 m University of Hawaii telescope. They suggested 
a 6.34 h double peaked rotational lightcurve with a 0.42 mag 
amplitude. Belskay a et al.|p0 06 ) presented R-observations car- 
ried out on November, December 2004 and on January, February 
2005. Observations were made at 1.5 m OSN telescope and at the 
bulgarian 2 m Ritchey-Chretien-Coude telescope. They obtained 
a 6.34358 h double peaked rotational lightcurve with an ampli- 
tude of 0.42 mag for phase angles larger than 0.8° and 0.47 mag 
near opposition. In Bels kaya et al.| ( [2006] >, it was shown that the 
lightcurve amplitude of Varuna increases at small phase angles. 

|Rabinowitz et al.| ( |2007| l observed Varuna on 30 December 
2004 and 17 April 2005. They presented photometric results 
based on 78 images. They suggested a 6.344 h double peaked 
rotational lightcurve with an amplitude of 0.49 mag. 

Even though most of the works are consistent with a 
0.42 mag amplitude lightcurve, the works by |Farnham| (2001 ) 
and Rabinowitz et al.] ( 20071 measured a larger amplitude. 



However, Farnham (2001J) does not quote the uncertainty in his 
derivation. On the other hand, Rab inowitz et al.| (|2007 ) data were 
not optimized for short-term variability studies. The differences 
might therefore arise because of the different quality of the data, 
but since part of the small discrepancies in the amplitude of the 
lightcurve reported by the various authors could be due to the 
phase angle variability reported in Belskaya et al. (2006), we re- 
call that the observations of Orti z et al.| ( |2003a| ) were taken at 
phase angles between a = 0.81 ° and 0.83 °, those by Farnham 
(2001) covering the range en — 0.57 ° - 0.63 °, those by Sheppard 
|& Jewitt| (2002 ) being taken at around 1 ° in February 2001 and 
around 1.2 ° in April 2001, those by Belskaya et al. ( 2006 1 being 
taken between a = 0.056 ° and 0.92 ° and those by Rabinowitz 
[eTaLl ( |2007l ) covering the range en — 0.06 ° - 1.3 °. In conclusion, 
there is little question that Varuna has a double peaked lightcurve 
and a 6.34 h rotational period with 0.42+0.01 mag amplitude, 
outside the opposition surge. 



(55565) 2002 AW^j is a classical object observed on 01-02 
February 2003 and on 19, 21, 22, 23, 24, 25 January 2004 at the 
OSN telescope. 

The Lomb periodogram (online Fig 19) of this object con- 
tains several peaks with significant confidence levels. The high- 
est peak is located at 8.78 h (2.74 cycles/day). The PDM, 
CLEAN and Harris techniques favored a rotational period of 
8.78 h. The lightcurve of this object (online Fig 20) has a very 
small amplitude 0.04+0.01 mag. Thus it is difficult to judge 
whether a double peaked lightcurve would be better. 
p006] ) 



Ortiz et al. 



published a possible 2002 AW197 
lightcurve. They used observations of 29 November 2002, 01, 
03, 05, 07, 08 December 2002, 1, 02, 03 February 2003 and 
21, 22, 23, 25, 26 January 2004. |Ortiz et al.| ( [2006) presented 
a Lomb periodogram with several high peaks (confidence level 
>99.9%). The highest peak was located at 8.86 h and was ac- 
companied by two aliases, with lower spectral power than the 
first peak, at 13.94 h and at 6.94 h. Another peak with high con- 
fidence was identified at 15.82 h. Ortiz et al. inferred, a 8.86 h 
period for a single peaked rotational lightcurve with a reliability 
code of 2 (reliability code according to the definition given in 
|Lagerkvist et"alJ ( [T9li9] )). 



Sheppard (2007) observed this body in the R band on 23, 
24 December 2003 at the University of Hawaii 2.2 m telescope. 
They presented a very flat lightcurve based on 27 data points. 
They noted that 2002 AW [97 has no significant short-term vari- 
ability. A small amplitude <0.03 mag was suggested. 

In conclusion, 2002 AW197 has a nearly flat lightcurve and 
we propose a 8.78 h rotation period, although one should keep 
in mind that for the very low amplitude objects many of the ap- 
parent 24 h aliases are also probable. 

(55636) 2002 TX300 is a classical object that was observed 
on 07, 08, 09 August 2003 at the OSN telescope. 

The Lomb periodogram (online Fig 21) identifies a single 
peak periodicity of 4.08 h (5.88 cycles/day) but PDM and the 
Harris method determine the true periodicity to be twice that 
value (8.16 h), with a 0.04+0.01 mag amplitude for the 4.08 h 
period and 0.08+0.01 mag for the 8.16 h period. Online Fig 22 
shows the lightcurve for 8.16 h. 

|Ortiz et aX] ( |200 4 ) presented observations performed on 29, 
30 October 2002, on 06, 07, 28, 29, 30 November 2002 and on 
02, 03, 04, 06 December 2002. Coordinated observational cam- 
paigns were arranged at three different telescopes: the 1.5 m 
OSN telescope, the 3.6 m Canada-France-Hawaii Telescope 
(CFHT) and the 2.5 m Nordic Optical Telescope (NOT) at La 
Palma for the photometric study. Results of this coordinated 
campaign showed a 7.89 h peaked rotational lightcurve with an 
amplitude of 0.09 +0.08 mag. 

Here, we used additional images from two nights that were 
not available in Ortiz et al. ( 2004| ). In Ortiz et al. the two larger 
aperture telescopes provided a few data that could be used to 
check whether the 7.89 h was consistent with those observations 
or not. On the other hand, data from the larger aperture tele- 
scopes were scarce and of poorer quality than the data from the 
1.5 m OSN telescope. Therefore, we consider 8.16 h to be more 
probable than 7.89 h. 

Sheppard & Jewitt] ( |2003[ ) presented a 8.12 h or a 12.1 h sin- 
gle peaked rotational R band lightcurve with an amplitude of 
0.08 ±0.02 mag. 

Thus, our results and those of Sheppard's are consistent and 
not far from the |Ortiz et ak ( 2004| ) results. This implies that 
a rotation period of 8.14+0.02 h with a photometric range of 
0.08+0.02 mag is secure. 
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(55636) Makemake (formerly 2005 FYg) is a classical ob- 
ject. This object was observed on 07, 08, 10, 12 April 2005, on 
27-29 May 2006, on 05, 07, 10 June 2006, on 14-18 December 
2006 and on 09-12 March 2007 at the OSN telescope and on 1 1- 
16 January 2007 at Calar Alto telescope. This object was exten- 
sively observed because it had an extremely low (and challeng- 
ing) variability. The Lomb periodogram (online Fig 23) shows 
two broad maxima containing many sharp spikes. The two max- 
ima correspond to ~7.7 h (~3.1 cycles/day) and its 24-h alias 
at ~ 11.5 h (2.1 cycles/day). The period of 7.7 h is slightly more 
likely in terms of spectral power, but the exact spike at which the 
lightcurve is more accurately fit is not straightforward to find. 
We chose 7.64 h and the corresponding lightcurve is shown in 
the online Fig 24. With fewer data, Ortiz et al. ( 2007 1 favored 
what we understand to be the 24-h alias. As mentioned before, 
much spectral power is easily transferred from one peak to its 24- 
h alias in low variability objects, for which 2005 FY9 is the most 
extreme case that we deal with in this paper. Very slight night to 
night calibration errors are the reason for the transfer of spectral 
power. Thus, it is difficult to decide which is the correct period. 
However, since we have a large number of nights, random night- 
to-night offsets should cancel on average. Thus, we believe that 
7.7 h is more likely than the value that was derived with fewer 
nights in Ortiz et al. ( 2007) 1. The amplitude of the lightcurve ob- 
tained by means of a sinusoidal fit is 0.015±0.005 mag. 

4.2. Resonant objects 

(126154) 2001 YH H0 was observed on 15, 16, 17, 18, 19 
December 2004. This object is in resonance 3:5 with Neptune. 
The Lomb periodogram (online Fig 25) and PDM show three 
peaks of high spectral power located at 13.2 h (1.82 cycles/day), 
8.40 h (2.86 cycles/day) and 6.19 h (3.88 cycles/day). The 
lightcurve for a rotation period of 13.2 h is shown in the online 
Fig 26. The amplitude of the lightcurve is 0.13±0.05 mag. 

Using data from 15-20 December 2004, |Ortiz etaLl p006l > 
favored a periodicity of 8.45 h but, presented two aliases located 
at 6.22 h and at 12.99 h. Sheppard (2007), from R band observa- 
tions, taken on 19, 21, 23, 24 December 2003 at the University 
of Hawaii 2.2 m telescope, suggested a double peak periodicity 
of 13.25 h with an amplitude of 0.21 +0.04 mag. 

In summary, there is agreement about the rotation period 
of this body, bearing in mind that 13.20 h is very close to the 
12.99 h possible alias reported in Ortiz et al. (2006). However, 
the amplitude that we report is somewhat different, although 
consistent within their error bars. 

We propose a lightcurve with a single peak periodicity of 
13.2 h and an amplitude of 0.13±0.04 mag, which appear to be 
consistent with the data by Sheppard (2007). 

(90482) Orcus (formerly 2004 DW) is a binary object in res- 
onance 2:3 with Neptune. The magnitude difference between 
this object and its satellite is 2.54±0.01 mag ( |Brown et al. 
(2009)). Our observations were carried out on 08, 09, 11, and 
23 March 2004 and on 22, 23, 25, 26, 27 April 2004 at the 
OSN telescope. The Lomb periodogram (online Fig 27) and 
PDM technique show one peak with a high significance level 
(>99%) located at 10.47 h (2.29 cycles/day). We propose a 
lightcurve with this period in the online Fig 28 with an am- 
plitude of 0.04+0.01 mag. All techniques PDM, CLEAN and 
Harris suggest the same period of 10.47 h. 

|Ortiz et aL] ( |2006| l presented observational results on 08, 
09, 10, 11 March 2004 and on 22, 23, 25, 26, 27 April 2004. 
The work published by Ortiz and the present work used al- 
most the same data but the present work considers data for two 



more nights. The Lomb periodogram showed three peaks with a 
high confidence levels (>99.9%) located at 7.09 h, 10.08 h, and 
17.43 h. The 7.09 h and 17.43 h periods were probably aliases 
of the 10.08 h periodicity that appeared most likely. Applying 
different techniques such as PDM, CLEAN and chi- square min- 
imization, etc., the value 10.08 h was favored with a reliabil- 
ity code of 2 (reliability code according the definition given in 
( [Lagerkvist et al.|1989) >). 

Sheppard| ( |2007[ ) observed Orcus on 14, 15, 16 February 
2005 and on 09, 10 March 2005 with an R-filter. His results 
were based on 43 images carried out at the Dupont 2.5 m tele- 
scope at Las Campanas in Chile. He did not notice a significant 
short-term variability. Lightcurves of each observational night 
suggested a flat lightcurve with an amplitude <0.03 mag. 

Rabinowitz et al. (2007 ) presented photometric results of 143 
images carried out on 21 February to 6 July 2004 using the 1.3 m 
SMARTS telescope. They suggested a 13.19 h single peaked ro- 
tational lightcurve with an amplitude of 0.18 mag. This is obvi- 
ously inconsistent with both Sheppard (2007 ) and our work, in 
terms of both period and amplitude. 

In conclusion, we present a lightcurve based on 327 images 
for which we found a periodicity of 10.47 h, similar to |Ortiz 



et al. ( 2006 1. Because of the small amount of data from Sheppard 



(2007 1, no period was reported. Since the object has a very low 
amplitude some of the 24 h aliases (at 7.3 h, 5.6 h and 18.54 h) 
could be the true rotation too. 

(555638) 2002 VE95 was observed on 19 January 2004 and 
on 15, 16, 17, 18 and 19 December 2004 at the OSN telescope. 
This object is in resonance 2:3 with Neptune. The Lomb peri- 
odogram (online Fig 29) for this object and PDM do not allow 
us to identify a clear rotational periodicity. We note a high peak 
at 9.97 h (2.41 cycles/day) and three aliases at 17.32 h (1.39 cy- 
cles/day), 6.18 h (3.88 cycles/day) and 4.90 h (4.90 cycles/day). 
We obtain a lightcurve (online Fig 30) with a 9.97 h periodicity 
and an amplitude of 0.05+0.01 mag. 



Ortiz et al. ( 2006 1 presented observations carried out on 29 



November 2001. 03, 04, 08 December 2002 and on 15, 16, 17. 
18, 19, 20 December 2004. The Lomb periodogram showed 
three high peaks with a confidence level >99.9% located at 
6.76 h, 7.36 h and 9.47 h. Studying the data with other tech- 
niques, such as PDM, a 6.88 h high peak was detected. The 
CLEAN technique confirmed the peak detected by PDM. Ortiz 
|et al.| ( [2006| did not favor or discard any periodicity. In all cases, 
the amplitude of the lightcurve was below 0.08 mag. 

This object was also observed by Sheppard & Jewitt (2003). 
They presented results of observations made on the University 
of Hawaii 2.2 m telescope during one night. They could not de- 
termine a periodicity. An amplitude variation of <0.06 mag was 
detected during their observations. 

In conclusion, even though the periodicity that we detect 
is above the 99% confidence level, the periodicityis probably 
caused by small instrumental errors that are difficult to evaluate. 
One should keep in mind that 2002 VE95 has very low ampli- 
tude variations and the overall scatter of our data is greater than 
for other low variability objects that we have studied in more 
detail. Since Ortiz et aT] (|2006|l did not identify any periodic- 
ity and Sheppard & Jewitt (2003 ) could not determine a period, 
our derivation is only tentative and more observation data with 
smaller scatter will be necessary to derive a rotation period com- 
pletely reliable. 

(208996) 2003 AZ^ is a binary object in resonance 2:3 with 
Neptune. The magnitude difference between this object and its 
satellite is 5.0+0.3 mag (Brown & Suer (2007)). This object was 
observed on 22, 23, 24, 25 January 2004 and on 14, 15, 16, 17, 
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18, 19 December 2004 at the OSN telescope. The Lomb peri- 
odogram (online Fig 31) has one peak located at 3.53 cycles/day 
(6.79 h). In the online Fig 32, we present a 6.79 h single peaked 
lightcurve with an amplitude of 0.07+0.01 mag. This period is 
also derived from the PDM analysis and both the CLEAN and 
Harris methods. Ortiz et al. ( 2006| l presented data acquired on 
20, 22, 25, 26 January 2004 and 15, 16, 17, 18, 19, 20 December 
2004, the Lomb periodogram of which exhibited several peaks 
of a very high confidence level. The highest peak was located 
at 5.28 h and presented two aliases of similar spectral power at 
4.32 h and at 6.76 h. 

Sheppard & Jewitt] ( |2003| > studied three observation nights: 
23, 24, 25 February 2003 using the University of Hawaii 2.2 m 
telescope. They presented a 6.72 h single peaked rotational 
lightcurve with an amplitude of 0.14 mag. 

Thus, we conclude that a rotation period is 6.75±0.04 h (a 
double peaked lightcurve at 13.5 h is apparently no more likely 
than 6.75 h). 

(84922) 2003 VS 2 was observed on 22, 26, 28 December 
2003, on 04, 19, 20, 21, 22 January 2004 at the OSN telescope. 
This object is in resonance 2:3 with Neptune. The Lomb pe- 
riodogram (online Fig 33) and PDM technique show a clear 
main peak with a high confidence level (>99%). We propose a 
short-term variability of 3.71 h (6.47 cycles/day), but the double 
peaked version (7.42 h) is more appropriate and corresponds to 
a clearer lightcurve with the two maxima and two minima of dif- 
ferent values (online Fig 34). An amplitude of 0.21±0.01 mag is 
derived from our data. 

Ortiz et al. ( 2006| l presented data reduction of observations 



carried out on 22, 23, 26, 28, 29 December 2003 and 21, 22 
January 2004. The Lomb periodogram showed two peaks with 
a high significance level at 3.71 h and 4.39 h. The second value 
was an alias of the first value. The amplitude was estimated as 
0.23 mag. 

Our results are also consistent with Sheppard (2007), who 
presented a study of observations made with the University of 
Hawaii 2.2 m telescope. Observations were carried out on 19- 
21-23-24 December 2003 with an R-filter. They proposed a 
lightcurve with a double peak periodicity of 7.41 h with an am- 
plitude of 0.21 mag. 

In conclusion, there is clear evidence that a 7.42 h periodicity 
of 2003 VS2 is its true rotation period. The lightcurve presents 
an amplitude of 0.21 +0.01mag. 

(144897) 2004 UX 10 was observed on 14, 17 September 
2007 and on 30 November 2007 at the OSN telescope. This ob- 
ject is in resonance 2:3 with Neptune. The Lomb periodogram 
(online Fig 35) shows three peaks with a high confidence level 
(>99%) at 4.23 cycles/day (5.68 h), at 3.88 cycles/day, and at 
4.58 cycles/day. The highest peak is 4.23 cycles/day and the 
other values resemble aliases. However, all of them have very 
similar spectral power. PDM determines a periodicity of 5.30 h. 
This value is consistent with the Lomb one. We propose (on- 
line Fig 36) a lightcurve with a short-term variability of 5.68 h 
(4.23 cycles/day). A double peaked periodicity of 11.36 h does 
not give produce a closer fitting lightcurve and the amplitude of 
0.08±0.01 mag is indicated by the fits. 

To our knowledge, we present the first photometric study of 
2004 UXjo so there is no literature source with to compare our 
results which. From our results, a periodicity of 5.68 h is possi- 
ble, but because of the presence of aliases and the low amount of 
data relative to those for other objects, it is safer to conclude that 
the rotation period is between 5 and 7 hours. More observations 
would be needed to derive a more precise period for this object. 



(136108) Haumea (formerly 2003 EL^\) is considered as a 
resonant object by Ragozzine & Brown ( |2007 1 at the 7:12 res- 
onance with Neptune, although it was listed as belonging to 
the classical type by the Minor Planet Center for quite some 
time. The magnitude differences between Haumea and its satel- 
lites Hi'iaka and Namaka, are 2.98±0.03 mag and 4.6 mag 
(respectively) ( |Lacerda et al.| ( |2008| l). We present results of R 
band observations on 12, 13, 14, 15, 16, 17 January 2007 at 
the 2.2 m Calar Alto telescope. We obtained a double peaked 
lightcurve with a periodicity of 3.9153 h (single peak periodic- 
ity of 1.9577 h (12.24 cycles/day) indicated by the Lomb peri- 
odogram (online Fig 37)), but both the PDM and Harris meth- 
ods found the double peaked periodicity. The amplitude of our 
lightcurve is 0.28±0.02 mag (online Fig 38). 

Rabinowitz et al. ( 2006) presented R-observations acquired 
on 25 January-26 July 2005 using the 1.3 m SMARTS telescope. 
They used additional observations on 10-12 April 2005 at the 
5.1m Hale telescope at Palomar Observatory and on 4 May 2005 
at the 0.8 m telescope at Tenagra Observatory. They derived a 
3.9154 h double peaked rotational lightcurve with an amplitude 
of 0.28 mag from their data. 

|Lacerda et al.| (|2008) used observations carried out on 11, 
13, 15 June 2007 and on 07, 08, 22, 24 July 2007 at the 2.2 m 
University of Hawaii telescope. Observations wereperformed us- 
ing the R, B, and J filter. They obtained a 3.9155 h double peaked 
rotational lightcurve with an amplitude of 0.29 mag. 

Thus, there is little doubt that 3.9154±0.0001 h is the correct 
rotation period, as there is wide agreement on this from three 
independent data sets. The same is true for the amplitude of the 
variability. 

4.3. Scattered Disk Objects (SDOs) 

(145451) 2005 RM 4} was observed on 13, 14 October 2006, 
15, 17, 18 December 2006 at the OSN telescope and on 11, 
12, 13, 14, 15 January 2007 at the Calar Alto telescope. The 
Lomb periodogram (online Fig 39) exhibits a very high peak at 
3.58 cycles/day (6.71 h) and two aliases of this peak at 2.58 and 
3.80 cycles/day. The lightcurve (online Fig 40) appears to have 
an amplitude of 0.04+0.01 mag. PDM confirms the first peak and 
shows these two other peaks with a lower confidence level. We 
are therefore able to confirm a periodic single peaked lightcurve 
of 6.71 h (3.58 cycles/day) and a double peaked periodicity of 
13.42 h. All other period finding techniques imply a periodicity 
of around 6.7 h. There is no bibliographic reference with which 
to compare our results. 

(42355) Typhon (formerly 2002 CR^) is a binary object. 
The magnitude difference between this object and its satellite 
is 1.30+0.06 mag ( |Grundy it al. (2008)). Typhon was observed 
on 28 January 2003 and on 02, 04, 06, 09 March 2003 at the 
OSN telescope. The Lomb periodogram (online Fig 41) shows 
several peaks, but one of them has a much higher spectral power. 
Thus, we present a lightcurve corresponding to this periodicity 
in online Fig 42 that has a 9.67 h (2.48 cycles/day) single peak 
period, a very small amplitude 0.07+0.01 mag. 24h-aliases are 
also present. All techniquesinfer consider results. 

|Ortiz et aT ( 2003a| l presented observations carried out on 08- 
10 March 2002. The Lomb periodogram showed two peaks, with 
a confidence level below 50%, located at 3.66 h and 4.35 h. Both 
values were aliases. Because of a low significance level, no pe- 
riod was favored. The amplitude was reported to be <0.15 mag. 

Sheppard & Jewitt ( |2003| l observed Typhon during 4 nights 
using the University of Hawaii 2.2 m telescope, but their study 
could not estimate a periodicity. They presented a flat lightcurve 
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with an amplitude <0.05 mag, which is consistent with our find- 
ings. 

In conclusion, Typhon presents a nearly fiat lightcurve, ac- 
cording to our result and published articles. The period proposed 
in the present work is tentative as we know that low variabil- 
ity objects are easily affected by small night-to-night instrumen- 
tal/observation changes that can artificially accentuate the power 
of some spurious frequencies. 

(15874) 1996 TL 66 was observed on 15, 16, 17, 18 December 
2004 at the OSN telescope. The Lomb periodogram (online Fig 
43) shows several peaks all of equally low confidence. We can- 
not reliably determine a periodicity. We are only able to iden- 
tify the peak with the highest spectral power at 8.04 h (2.99 cy- 
cles/day) and two aliases located at 12 h and 6 h. The lightcurve 
presented in the online Fig 44 is a single peak periodicity of 
12 h with an amplitude of 0.07+0.02 mag. The CLEAN and 
the Harris analysis suggest a period of 5.1 h and PDM propose 
10.2 h. 



Using data obtained on 14-19 December 2004, Ortiz et al. 
(2006) presented a 12.1 h single peaked rotational lightcurve 
with a < 0.12 mag amplitude. But according to the reliability 
code assigned to this value by Ortiz et aL] ( |2006[ ) (code defined 



in Lagerkvist et al. 



Luu & Jewitt 



( 1989)) this period is clearly uncertain. 
( | 19981 1 used the 6.5 m Multiple Mirror 
Telescope (MMT) on Mount Hopkins, Arizona to observed 
this object in the R band. Observations were made during one 
night (over 6 h) on 15 October 1996. They noted an amplitude 
<0.06 mag but they could not determine a periodicity. 

This object was also observed by Romanishin & Tegler 
(1999) with the 2.3 m telescope on Kitt Peak, Arizona 
Observations were made between the 2nd and the 9th of October 
1997 in V band. Results were based on only 25 images. They 
could not identify a short-term periodicity, but they noted an am- 
plitude <0.06 mag. 

In conclusion, the periodicity of this object is uncertain, there 
being indications of 12 h and its diurnal aliases. There are also 
indications of 10.2 h and even 5.1 h. With more observations, a 
more reliable period might be secured. 



4.4. Centaurs 

(52872) Okyrhoe (formerly 1998 SG 35 ) was observed on 05, 06, 
07, 08, 10, 11, 12, 13, 14, 15 December 2006 at the OSN tele- 
scope. The Lomb periodogram (online Fig 45) suggests a single 
peaked periodicity of 4.86 h (4.94 cycles/day) or 6.08 h (3.95 cy- 
cles/day) and double peaked periodicities of 9.72 h or 12. 16 h are 
also possible, but there is no clear evidence that they are any bet- 
ter. Lightcurves present the 4.86h and the 6.08h periods (online 
Fig 46). An amplitude of 0.07 ±0.01 mag is suggested from the 
fits. The CLEAN method suggested a 6.08 h period, whereas the 
Harris method and PDM imply a 4.86 h. This is not surprising 
because both peaks in the periodogram have almost the same 
power. 

|Bauer et al.| ( |2003| ) observed Okyrhoe at the University of 
Hawaii 2.2 m telescope. Observations were performed during 3 
consecutive nights from 22 to 24 September 1999, in R band. 
Their result was a 16.6 h double peaked rotational lightcurve 
with an amplitude of 0.2 mag. However, such a high amplitude 
is ruled out by our data so we suggest that some kind of obser- 
vational, instrumental, or reduction problem affected their pho- 
tometry. 

In conclusion, 4.86 h and 6.08 h appear as possible values. 
(145486) 2005 UJ 43S was observed on 11, 12, 13, 15, 16 
January 2007 and 06, 07 January 2008 at the Calar Alto tele- 



scope and on 26 December 2008 at the OSN telescope. The 
Lomb periodogram (online Fig 47) shows several peaks with 
high spectral power at 4.16 h (5.77 cycles/day). This is the high- 
est peak but there are important diurnal aliases. We propose a 
single peaked periodicity of 4.16 h (5.77 cycles/day) with an 
amplitude of 0.13+0.01 mag (online Fig 48). CLEAN, Harris, 
and PDM all determine a 4.18 h rotational period. 

There is no literature reference on photometric results for 
this body that we are aware of. Thus we cannot compare our 
results with others and our preliminary conclusion is that 4.18 h 
seems a reasonable value with the caveats that the apparent 24-h 
aliases can be the true periodicity. 

2002 KY 14 = 2007 UL n6 was observed on 01, 02, 03, 04, 
05 August 2008 at the OSN telescope. The Lomb periodogram 
(online Fig 49) and PDM technique show two peaks with a high 
spectral power located at 3.56 h (6.74 cycles/day) and at 4.2 h 
(5.71 cycles/day). In both cases, the lightcurve (online Figs 50 
and 51) has an amplitude of 0.13 ±0.01 mag. CLEAN, PDM, 
and Harris suggest a 4.2 h rotational period. Thus we adopt this 
asour most likely estimate of the rotation period. Double peaked 
versions of the two mentioned periodicities do look slightly more 
probable but there is no quantitative evidence to suppor this im- 
pression. In conclusion, 3.56 h and 4.2 h are possible rotation 
periods. 

(55567) Amycus (formerly 2002 GB\q) is a binary TNO ob- 
served on 08, 09 March 2003 at the OSN telescope. The Lomb 
periodogram online Fig 5) shows two peaks with a high spec- 
tral power at 2.46 and 1.48 cycles/day (9.76 h and 16.21 h re- 
spectively). The other period finding methods suggest periods 
of between 9.7 h and 10.1 h. These peaks have a similar spec- 
tral power, but 9.76 h is preferred. We propose a lightcurve cor- 
responding to this period. A single peak lightcurve of 9.76 h 
(2.46 cycles/day) is presented in online Fig 53. The amplitude of 
the variability is 0.16 ±0.01 mag. 

As far as we know, there is no bibliographic reference for the 
time series analysis of Amycus that we can use to compare with 
and improve our study. In conclusion, we can estimate a clear 
periodicity around ~10 h. More observations shouldl permit us 
to determine a more precise rotational period. 

(120061) 2003 COi is a binary object observed on 19, 21, 
22, 23, 24, 25 January 2004 and on 19, 23, 25, 26, 27 April 2004 
at the OSN telescope. The Lomb periodogram (online Fig 54) 
exhibits several peaks. We propose a lightcurve with a single 
peak periodicity of 4.51 h (5.31 cycles/day) and an amplitude of 
0.07±0.01 mag (online Fig 55). Apparent aliases are at 4.3 cy- 
cles/day and 6.3 cycles/day. All methods confirm that the 4.51 h 
period is the most likely choice. 

The Lomb periodogram in Ortiz et al. ( |2006| ) proposed sev- 
eral possibilities of a 3.53 h, 4.13 h, 4.99 h or 6.30 h rotational 
period, |Ortiz et al" (2006i favored a 4.99 h single peaked rota- 
tional lightcurve. In all cases, the amplitude was 0. 1 mag. 

In conclusion, with the same observational data, our result 



and |Ortiz et al. (2006]) result proposed somewhat different peri- 
ods but once aliases are taken into account, the closest agreement 
seems to be around the 5h range. 

(136204) 2003 WL n was observed on 05, 06, 07, 08, 10, 1 1, 
13, 14 December 2007 at the OSN telescope. The Lomb peri- 
odogram (online Fig 56), PDM, CLEAN, and the Harris tech- 
niques suggest one main periodicity located at 8.24 h (2.92 cy- 
cles/day). We propose a lightcurve based on that period (online 
Fig 57). The amplitude is 0.05 ±0.01 mag. A double peaked pe- 
riodicity of 16.48 h is not preferred by any criteria so we propose 
8.24 h period as our most robust estimate. 
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There is no bibliographic reference of photometric results for 
2003 WL7 with which we can compare with. Based on 303 im- 
ages, our result appaears to be robust enough and 8.24 h seems a 
secure value, but the low amplitude of the variations raises some 
concerns that one of the diurnal aliases might be more appropri- 
ate. 

(12929) 1999 TZ\ was initially classified as a Centaur and 
is still listed as such in the Minor Planet Center. IMoullet et al.l 
(2008) clearly demonstrated that 1999 TZi is a jovian Trojan. 
We should have chosen not to include this object in our study, but 
since the object is still listed as a Centaur and because Trojans 
are also linked to TNOs according to one of the dynamical mod- 
els of the Kuiper Belt formation and evolution ( Morb idelli et al.| 
2005 ), its presence should not contaminate our sample too much. 
In this work, we present data reduction of observations carried 
out on 23-25 February 2007, on 09, 10, 11, 12 March 2007 
at the OSN telescope. The Lomb periodogram (online Fig 58) 
and PDM show one main peak with a confidence level around 
99%. We propose a single peak periodicity of 5.21 1 h (4.70 cy- 
cles/day) or a double peaked periodicity of 10.422 h with an am- 
plitude of 0.07+0.01 mag. In fact, the double peaked version 
appears a slightly better option because the two minima of the 
lightcurve look different by nearly 0.02 mag (online Fig 59). The 
Harris method also favors this option. 



Using the same data as used in our work, Moullet et al. 
(2008 ) presented a 10.438 h double peaked rotational lightcurve 
with an amplitude<0. 10 mag. This is entirely consistent with our 
own analysis. 

Dotto et al. ( 2008[ l, studied images carried out with the 3.5 m 
New Telescope Tecnhology (NTT, Chile, La Silla). They ob- 
served this object during one night (7 hours) and phased their 
data to the period proposed in Moullet et al. (2008) to conclude 
that the period in that paper was consistent with their observa- 
tions. 



5. Discussion 

In Table 2, we summarize our results to allow us to perform an 
easier interpretation of the data. In the online material, we show 
all the lightcurve plots with the same vertical scale (relative mag- 
nitude) to make comparisons between all the objects easier. One 
thing that is obvious in the table and in the plots is the fact that 
most of the objects present low amplitude variability. The aver- 
age amplitude of the variability in our sample is 0.1 mag. There 
are only 3 to 5 cases (taking into account the error bars) in which 
the variability is greater than 0.15 mag within our sample. This 
means that the percentage of objects with high variability is be- 
tween 10 and 20%. This is much smaller than previous estimates 
Pewitt & Sheppard||2002| |Ortiz et al.||2003a|b| |Lacerda & Luu| 



2006 ), possibly because the objects that were then reported were 
preferentially those for which a clear periodicity could be de- 
rived, which usually requires high amplitude lightcurves. This 
was already noted by Ortiz et aL] ( |2003 b), who highlighted a 
possible overrepresentation of high amplitude objects. This pos- 
sible bias was also emphasized in the review by Sheppard et al.| 
( |2008l >. 

Low amplitude lightcurves are generally caused by albedo 
heterogeneity on the surfaces of the bodies, although elon- 
gated objects seen at certain geometries can also produce nearly 
flat lightcurvesl. The physical reason for many low amplitude 
rotators in the Kuiper Belt is investigated by Duffard et al. 
(2009 ). The smallest amount of variability would be expected for 
MacLaurin spheroids with modest to small surface heterogene- 
ity. Hence, the high numbers of nearly flat lightcurves might be 



indicative of many MacLaurin shapes in the trans-neptunian re- 
gion. A model to test this and other ideas is presented in Duffard 
etaLl < |2009l >. 

According to our definition, we consider that the limit to a 
high lightcurve amplitude is above 0.15 mag. The high ampli- 
tude lightcurves of large objects which we can clearly attribute 
to an aspherical shape can indicate the typical magnitude of 
hemispheric albedo changes if we compare the two maxima or 
two minima in the double peaked lightcurves. These differences 
in the cases of 2003 VS2 and Haumea are around 0.04 mag, 
whereas for Varuna the greatest difference is 0.1 mag. Hence, 
this means that the hemispherically averaged albedo typically 
has variations around 4 to 10%. Thus we expect that the vari- 
ability induced by surface features is on the order of 0.1 mag. 
For the asteroids, albedo variegations are usually responsible for 
lightcurves amplitude between 0.10 mag and 0.20 mag at most 
(Magnuss on & Lagerkvist|1991[ l. We adopt here an in-between 
value of 0.15 mag as the most reliable threshold above which we 
can be nearly confident that the variations are caused by shape 
effects. This value has been used by several investigators as the 
transition from low variability to medium-large variability (e.g. 
Sheppard et al^(|2008|>). 



A plot of rotation periods versus H parameter is shown in 
Fig. 2. According to the plot, there is only a very slight indication 
that objects with large H rotate faster. This trend is more evident 
in Duffar d~et al.| ( |2009) , where a larger sample is used. Because 
H is a proxy for size, this implies that the smaller objects rotate 
faster than the larger ones and that would be consistent with the 
usual collisional scenario in which the small objects are frag- 
ments and are more collisionally evolved than the large objects 
( |Davis &~ Farinella 1997). Since collisions tend to spin up the 
bodies, the faster rotation rates for the smaller objects seems to 
be consistent with this idea, but one should keep in mind that the 
small objects studied here are all centaurs and they might have 
suffered specific processes that could lead to spin up. 

Two objects are rapid rotators: Haumea with a period of 
3.92 h and 2003 OP 32 with a rotational periodicity of 4.05 h. 
Based on our sample of data, there is an apparent spin barrier at 
between around 4 h to 3.9 h. An object with a period shorter than 
this limit is out of equilibrium. 

The critical period P c is defined by equating the centrifu- 
gal acceleration to the acceleration caused by gravity. From that 
constraint, it follows that 



Pc 



3n 



(1) 



where G is the gravitational constant and p c the critical density. 

Since a rotational period of 3.90 h is the critical rotational 
period, we can derive a lower limit to the density. The result 
based on o ur sample suggests a low er limit to the density of 
0.71 g/cm 3 . |Davidsson| ( fl999| |200l| ) pointed out that the criti- 
cal period in Eq. 1 is not a reliable estimate for true bodies and 
derived alternative expressions to Eq.l. Using Davidsson's ex- 
pression for a low tensile strength of 0.01 MPa and a radius of 
100 km, we obtain a lower limit to the density of 0.70 g/cm 1 . 

Another interesting subject is the plot of the amplitude of the 
variability as a function of the H parameter for each object pre- 
sented in Fig 3. One can immediately see the group of centaurs 
at large Hs and their amplitudes are apparently systematically 
above those from the regular TNOs (provided that the two very 
high amplitude TNOs are not taken into account). The centaur 
population lacks extremely low amplitude objects. In Fig. 3, two 
linear fits are shown: the thick line is a fit based on all our data. 
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The dashed line is a linear fit to our data except for the objects 
with a peak to peak amplitude >0.20 mag (Varuna, Haumea and 
2003 VSi). This fit clearly shows the trend of higher amplitude 
toward larger H objects. 

Since a TNO is a triaxial ellipsoid with axes (a>b>c), one 
can determine that the lightcurve amplitude Am varies according 
to the observational or viewing angle £ (e.g., Bin zel et aT1, (fT989 )) 



Am = 2.5 l°g{r\ ~ 1-25 log 



a 2 cos 2 £ + c 2 sin 2 £ 
b 2 cos 2 £ + c 2 sin 2 £ 



(2) 



The maximum of Eq. 2, corresponding to an observational angle 
of £ = 90° (equatorial view), is obtained for a lightcurve ampli- 
tude: 



Am = 2.5 



Mi) 



(3) 



Since we do not know the exact spin axis orientation of each 
object, or the observational angle, with Eq. 3 we can only com- 
pute a lower limit to a/b for each object. In other words, only 
a lower limit to the object elongation can be derived from the 
lightcurve amplitude. A lower limit to the density using the ro- 
tational period and the lower limit on the elongation of a body 
can be obtained by making use of the work of Chandrasekhar 
( 1987 ) for fluid bodies. His work provides regions in the density 
and rotation rate space where different Jacobi shapes of varying 
elongations are allowed. It also shows that an ellipsoidal object 
with a/b>2.31 is unstable. In Table 2, we present lower limits 
to the density of the bodies in this work based on the assump- 
tions of hydrostatic equilibrium and that the variability is caused 
exclusively by shape effects. The validity of these assumptions 
are discussed below. Lower limits to the densities range from 
0.22 g/cm 3 for 2001 YHi 40 to 2.65+0.43 g/cm 3 for 2007 ULi 26 . 
In other words, 2001 YH140 would have a Jacobi shape, if its 
density were at least 0.22 g/cm 3 . The average of the lower limits 
to the density of our sample is 0.90 g/cm 3 . But since we have 
a large enough sample, we can assume that the average viewing 
geometry of our bodies is 60°; thus we can derive not only lower 
limit to the a/b ratios, but almost true a/b ratios (in a statistically 
correct sense) by dividing them by sin(60°). In this way, the av- 
erage density obtained from the increased elongations would be 
closer to the true mean density. The value we obtained in this 
case is 0.92 g/cm 3 . This value should be regarded as a very rough 
estimation because it is obvious that most of the lightcurves in 
this work are more significantly affected by albedo effects, than 
shape effects. A more adequate derivation of densities is pre- 
sented in |Duffard etaLl ( |20"59"l >. 

The density of an object depends on its internal composi- 
tion. However, to explain the very low densities, < 1 g/cm 3 , it is 



helpful to consider the concept of porosity. For example, Jewitt 
& Sheppard (2002), suggested that the low density of Varuna is 
due to porosity. Some objects have a higher density » 1 g/cm 3 , 
which suggests that they are primarily composed of rock and ice. 
Objects of a high density and large diameter might have a core 
of rock and a mantle of ice. |Lacerda et al.| ( |2008 1 proposed that 
the high density of Haumea is consistent with this body being 
the core of a large differentiated body whose interior became ex- 
posed due to a large collision that completely eroded its mantle. 

The density of all the objects as a function of the H param- 
eter (a proxy for size) is shown in Fig 4. A linear fit (Dotted 
line) shows almost no dependence on size. Based on a few TNOs 
whose Jacobi shape is very likely, Sheppard et al. ((2008) sug- 



gested a relation between density and diameter: the largest ob- 
jects (brightest) are denser than the smallest (faintest). The fit in 



Fig 4 is not consistent with that idea, but one should keep in mind 
that most of the objects in our sample are probably MacLaurin 
spheroids, not Jacobi. 

It is pertinent to assess whether the hydrostatic equilibrium 
assumption can be applicable to the objects in our sample. 
Tancredi & Favre (2008) addressed the issue of the minimum 
diameter needed for an object so that its mass can overcome the 
rigid body forces and thus adopt a hydrostatic equilibrium shape 
to become a dwarf planet, according to the 2006 IAU definition. 
As mentioned by |Tancredi & Favre (2008), different criteria can 
be used. By integrating the hydrostatic differential equation with 
various assumptions one arrives at several expressions that relate 
the critical radius (R) for a self-gravitating body, the density (p), 
and the material strength (S). These equations can be collectively 
expressed 



Rp 



3a 2 S 
2nG 



(4) 



where a can take several values according to the different criteria 
used (and ranges from a -I in the most simplistic case, to a = 
5 J for a spherical body in more realistic cases). We note that a 
similar expression by |Tancredi & Favre (2008) must contain a 
typo because the diameter in their equation should be radius. 

One can express the size of a body using its albedo (p), ab- 
solute magnitude (H v ) and the magnitude of the Sun (V sun ). The 
diameter (D) is expressed in Russell ( 1916) as 



D = 2 



2.24 x 10 16 x 10°-4W™»-».) 



(5) 



Therefore, one can express the condition for hydrostatic equilib- 
rium in terms of H, density, albedo and strength. 

In Fig 4, we overplot the curves of density above which 
hydrostatic equilibrium is met, as a function of H. We consid- 
ered three values of material strength: 0.01, 1, and 100 MPa. We 
chose two albedos values: 0.04 and 0.09. We note that Centaurs 
require a much lower material strength to be in hydrostatic equi- 
librium while TNOs may have more internal cohesion. 

Finally, Figs. 5 and 6 are histograms of the rotation peri- 
ods based on all our data and only the TNOs presented in this 
work, respectively. We assume that all the lightcurves with am- 
plitudes below 0.15 mag are single peaked (which is almost 
equivalent to assuming that their rotational variation is caused 
mainly by albedo markings) and those with amplitudes larger 
than 0.15 mag are double peaked. In a first step, we used this ar- 
bitrary value which had already been used by several investiga- 
tors. But, to determine if there is a more suitable value that marks 
the transition albedo-dominated lightcurves to shape-dominated 
lightcurves, we tested with limits of 0.10 mag from 0.20 mag. 

In the case of asteroids, the distribution of rotation rates is 
Maxwellian ( |Binzel et al.|1989) . A Maxwellian distribution has 
the form: 



f(Qi)= J r exp 



7T <X J 



-Q 2 



2cr 2 



(6) 



where £2 is the rotation rate (Cycles/day) and N the total number 
of objects. 

A Maxwellian fit to the rotation rate distribution with the 
threshold of 0.1 mag gives values of 7.5 h (3.19 cycles/day) 
for the whole sample and 7.3 h (3.29 cycles/day) for the TNOs 
alone. A Maxwellian fit to the rotation rate distribution with the 
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threshold of 0. 15 mag infers values of 7.3 h (3.27 cycles/day) for 
the whole sample, 8.1 h (2.98 cycles/day) for the TNOs alone. 
A Maxwellian fit to the rotation rate distribution with the thresh- 
old of 0.20 mag gives values of 8 h (3 cycles/day) for the whole 
sample and 8.1 h (2.98 cycles/day) for the TNOs alone. With 
only 6 periods of Centaurs, we can't give a satisfactory study. 
For these objects, we find a mean rotational value of 7.3 h. The 
confidence level of the chi-square test is higher for the threshold 
of 0.10 mag for the whole sample than for the TNOs alone. 

None of the three different fits was significantly better than 
the others in terms of residuals because our sample of only 29 
objects remains small for that purpose. Thus, we chose the inter- 
mediate 0.15 mag threshold as perhaps the most adequate one, 
based on our previous experience on asteroids and because a 
0. 15 mag variability is much easier to measure than 0. 1 mag (and 
is therefore a good limit in terms of instrumental requirements). 
Fits to Maxwellian distributions of a larger sample are shown in 



Duffard et al. (2009 ), where the results of the present work and 
a compilation of the scientific literature are used. 

If we do not fit any distribution but just consider the mean 
rotation periods of our objects, we obtain 7.5 h for the whole 
sample, 7.6 h for the TNOs alone, and 7.3 h for the Centaurs. 
These estimates may be more appropriate to compare with the 
average of 8.5 h quoted in Sheppard et al. ( 2008| l. Our values 
imply a more rapid rotation than previously derived. 

6. Conclusions 

We have presented a large sample of Kuiper Belt Objects whose 
short-term variability has been studied in detail to increase the 
number of objects studied so far and try to avoid observational 
biases. Amplitudes and rotation periods have been derived for all 
of them with different degrees of reliability, but we have com- 
piled an ensemble of all of them to study the whole population. 
We present therefore a homogeneous data set from which some 
conclusions can be drawn. We found that the percentage of low 
amplitude rotators is higher than previously thought and that in 
our sample the rotation rates appear to be slightly higher (faster 
objects) than previously suggested. 

A simple idea investigated in detail in |Duffard et al. ( 2009| > 
to explain the large abundance of small amplitude objects might 
be that hydrostatic equilibrium is applicable to the overwhelm- 
ing majority of the bodies and that the usual KBO shapes are 
MacLaurin spheroids which therefore do not cause any shape 
induced variations (and whose variability is caused by albedo 
variegations exclusively). We estimate that 0.1 mag seems to be 
a good measure of the typical variability caused by albedo fea- 
tures. 

The plots of both amplitude versus size and rotation rate ver- 
sus size seem to be compatible with the typical collisional evolu- 
tion scenario in which larger objects have been only slightly af- 
fected by collisions, whereas the small fragments are highly col- 
lisionally evolved bodies with usually more rapid spins of larger 
amplitudes. 

Based on the assumption of hydrostatic equilibrium, one can 
derive densities for all the bodies and we found a possible trend 
of higher densities toward higher sizes, which is a physically 
plausible scenario. There appears to be a spin barrier that al- 
lows us to obtain a density limit that is also compatible with 
the average density derived based on hydrostatic equilibrium as- 
sumptions. Nevertheless, a more appropriate derivation of mean 



densities is presented in Duffard et al. (2009). 
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Fig. 1: Rotational phase curve for 2003 FY128 obtained by using a spin period of 8.54 h (upper plot) and a spin period of 17.08 h 
(lower plot). The dash line is a Fourier series fit of the photometric data. Different symbols correspond to different dates. 
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Fig. 2: Rotational period versus H for all objects presented in this work. Different symbols correspond to different object classifica- 
tion. Dashed line defines a spin barrier. 
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Fig. 3: Amplitude versus H for all objects presented in this work. Different symbols correspond to different object classifications. 
Thick line is a linear fit of all our sample of data. Dash line is a linear fit to all our sample of data except Varuna, Haumea and 
2003 VS2 which exhibit a peak-to-peak amplitude >0.20 mag. 
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Fig. 4: Density versus H for all objects presented in this work. Different symbols correspond to different object classification. Dotted 
line is a linear fit. See text for definitions of the meaning of remaning. 
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Fig. 5: Histograms of all our sample of data. We assume that all the lightcurves with amplitudes below an arbitrary limit are single 
peaked and those with amplitudes larger than this limit are double peaked. White data correspond to a limit of 0.10 mag, grey data 
correspond to a limit of 0. 15 mag and black data correspond to a limit of 0.20 mag. Dash line is the Maxwellian fit to the distribution 
with 0.10 mag limit. Grey line is the Maxwellian fit to the distribution with 0.15 mag limit. Black line is the Maxwellian fit to the 
distribution with 0.20 mag limit. 
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Fig. 6: Histograms of all TNOs presented in this work (our sample without the Centaurs). We assume that all the lightcurves with 
amplitudes below an arbitrary limit are single peaked and those with amplitude larger than this limit are double peaked. White data 
correspond to a limit of 0.10 mag, grey data correspond to a limit of 0.15 mag and black data correspond to a limit of 0.20 mag. 
Dashed line is the Maxwellian fit to the distribution with 0.10 mag limit. Grey line is the Maxwellian fit to the distribution with 
0.15 mag limit. Black line is the Maxwellian fit to the distribution with 0.20 mag limit. Grey line falls on top of black line. 
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Table 1. Dates, geometric and photometric data of the observations 



Object 


Date 


# Images 


r h [AU] 


A [AU] 


a[deg] 


Filter 


Telescope 


(15874) 1996 TL 66 


15/12/2004 


16 


35.141 


34.344 


0.95 




OSN 




16/12/2004 


16 


35.141 


34.354 


0.98 




OSN 




17/12/2004 


30 


35.141 


34.365 


1.00 




OSN 




18/12/2004 


14 


35.141 


34.377 


1.02 




OSN 


(52872) 1998 SG 35 


05/12/2007 


26 


5.804 


5.621 


9.72 




OSN 




06/12/2007 


33 


5.804 


5.605 


9.70 




OSN 




07/12/2007 


19 


5.804 


5.590 


9.68 




OSN 




08/12/2007 


14 


5.804 


5.574 


9.66 




OSN 




10/12/2007 


40 


5.803 


5.542 


9.60 




OSN 




11/12/2007 


33 


5.803 


5.526 


9.57 




OSN 




12/12/2007 


35 


5.803 


5.511 


9.53 




OSN 




13/12/2007 


33 


5.803 


5.495 


9.50 




OSN 




14/12/2007 


38 


5.803 


5.479 


9.46 




OSN 




15/12/2007 


38 


5.802 


5.464 


9.41 




OSN 


(12929) 1999 TZi 


23/02/2007 


10 


5.317 


4.732 


9.12 


R 


OSN 




25/02/2007 


10 


5.317 


4.704 


8.91 


R 


OSN 




09/03/2007 


20 


5.314 


4.552 


7.42 


R 


OSN 




10/03/2007 


30 


5.314 


4.540 


7.27 


R 


OSN 




11/03/2007 


29 


5.313 


4.529 


7.13 


R 


OSN 




12/03/2007 


30 


5.313 


4.518 


6.98 


R 


OSN 


(20000) 2000 WRioe 


05/01/2005 


22 


43.248 


42.266 


0.06 


R 


OSN 




07/01/2005 


13 


43.249 


42.267 


0.09 


R 


OSN 




31/01/2005 


27 


43.252 


42.378 


0.61 


R 


OSN 




01/02/2005 


5 


43.252 


42.388 


0.63 


R 


OSN 




09/02/2005 


10 


43.253 


42.465 


0.79 


R 


OSN 




10/02/2005 


11 


43.253 


42.474 


0.81 


R 


OSN 


(126154) 2001 YH 140 


15/12/2004 


7 


36.436 


35.569 


0.74 




OSN 




16/12/2004 


10 


36.436 


35.561 


0.71 




OSN 




17/12/2004 


12 


36.436 


35.554 


0.69 




OSN 




18/12/2004 


6 


36.436 


35.546 


0.67 




OSN 




19/12/2004 


10 


36.436 


35.539 


0.64 




OSN 


(55565) 2002 AW 197 


01/02/2003 


100 


47.272 


46.295 


0.16 




OSN 




02/02/2003 


66 


47.272 


46.295 


0.15 




OSN 




19/01/2004 


20 


47.158 


46.220 


0.36 




OSN 




21/01/2004 


50 


47.158 


46.211 


0.33 




OSN 




22/01/2004 


30 


47.158 


46.206 


0.31 




OSN 




23/01/2004 


45 


47.157 


46.202 


0.29 




OSN 




24/01/2004 


30 


47.157 


46.198 


0.27 




OSN 




25/01/2004 


30 


47.157 


46.195 


0.26 




OSN 


(42355) 2002 CR 46 


28/01/2003 


109 


17.892 


16.909 


0.18 




OSN 




02/02/2003 


69 


17.889 


16.905 


0.16 




OSN 




04/03/2003 


91 


17.872 


17.039 


1.77 




OSN 




06/03/2003 


87 


17.870 


17.057 


1.87 




OSN 




09/03/2003 


51 


17.869 


17.086 


2.01 




OSN 


(55576) 2002 GB 10 


08/03/2003 


67 


15.188 


14.327 


1.92 




OSN 




09/03/2003 


64 


15.188 


14.319 


1.87 




OSN 


(50000) 2002 LM 60 


21/05/2003 


30 


43.407 


42.421 


0.31 




OSN 




22/05/2003 


77 


43.407 


42.418 


0.29 




OSN 




23/05/2003 


98 


43.406 


42.415 


0.27 




OSN 




17/06/2003 


18 


43.404 


42.431 


0.39 




OSN 




18/06/2003 


38 


43.404 


42.434 


0.41 




OSN 




19/06/2003 


62 


43.404 


42.439 


0.42 




OSN 




20/06/2003 


65 


43.404 


42.444 


0.44 




OSN 




21/06/2003 


45 


43.404 


42.449 


0.46 




OSN 




22/06/2003 


12 


43.404 


42.455 


0.49 




OSN 


(55636) 2002 TX 300 


07/08/2003 


127 


40.825 


40.303 


1.23 




OSN 




08/08/2003 


177 


40.825 


40.291 


1.22 




OSN 




09/08/2003 


173 


40.825 


40.278 


1.20 




OSN 


(55638) 2002 VE 95 


19/01/2004 


10 


28.015 


27.650 


1.88 




OSN 




14/12/2004 


5 


28.049 


27.203 


1.04 




OSN 
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Table 1. continued. 



Object 



(208996) 2003 AZ 84 



(120061)2003 COi 



(136108) 2003 EL 6I 



(120132) 2003 FY 128 



(174567) 2003 MW 12 



(120178) 2003 OP 32 



(84922) 2003 VS 2 



Date 


# Images 


r h [AU] 


A [AU] 


a[deg] 


Filter 


Telescope 


15/12/2004 


10 


28.049 


27.211 


1.07 




OSN 


16/12/2004 


15 


28.050 


27.219 


1.09 




OSN 


17/12/2004 


18 


28.050 


27.230 


1.13 




OSN 


18/12/2004 


5 


28.050 


27.238 


1.15 




OSN 


19/12/2004 


50 


28.050 


27.248 


1.18 




OSN 


21/01/2004 


15 


45.829 


44.881 


0.33 




OSN 


23/01/2004 


15 


45.828 


44.889 


0.37 




OSN 


24/01/2004 


21 


45.828 


44.893 


0.39 




OSN 


25/01/2004 


10 


45.828 


44.898 


0.41 




OSN 


14/12/2004 


5 


45.765 


44.890 


0.57 




OSN 


15/12/2004 


19 


45.765 


44.875 


0.55 




OSN 


16/12/2004 


20 


45.765 


44.875 


0.53 




OSN 


17/12/2004 


25 


45.764 


44.867 


0.51 




OSN 


18/12/2004 


4 


45.764 


44.860 


0.49 




OSN 


19/12/2004 


20 


45.764 


44.855 


0.47 




OSN 


19/01/2004 


5 


11.445 


10.806 


3.85 




OSN 


21/01/2004 


15 


11.443 


10.780 


3.75 




OSN 


22/01/2004 


20 


11.442 


10.768 


3.70 




OSN 


23/01/2004 


13 


11.441 


10.756 


3.65 




OSN 


24/01/2004 


30 


11.440 


10.745 


3.60 




OSN 


25/01/2004 


23 


11.438 


10.732 


3.55 




OSN 


19/04/2004 


71 


11.354 


10.694 


3.94 




OSN 


23/04/2004 


52 


11.350 


10.737 


4.14 




OSN 


25/04/2004 


60 


11.349 


10.759 


4.23 




OSN 


26/04/2004 


53 


11.348 


10.771 


4.28 




OSN 


27/04/2004 


10 


11.347 


10.782 


4.32 




OSN 


12/01/2007 


6 


51.175 


51.059 


1.09 


R 


Calar Alto 


13/01/2007 


7 


51.175 


51.043 


1.09 


R 


Calar Alto 


14/01/2007 


8 


51.175 


51.028 


1.09 


R 


Calar Alto 


15/01/2007 


11 


51.175 


51.013 


1.09 


R 


Calar Alto 


16/01/2007 


4 


51.175 


50.997 


1.08 


R 


Calar Alto 


17/01/2007 


4 


51.175 


50.981 


1.08 


R 


Calar Alto 


09/02/2005 


19 


38.063 


37.366 


1.06 




OSN 


10/02/2005 


28 


38.063 


37.355 


1.04 




OSN 


11/02/2005 


44 


38.063 


37.344 


1.03 




OSN 


12/02/2005 


44 


38.064 


37.332 


1.01 




OSN 


09/03/2005 


13 


38.071 


37.123 


0.45 




OSN 


28/05/2006 


14 


48.188 


47.233 


0.41 




OSN 


05/06/2006 


11 


48.186 


47.241 


0.44 




OSN 


06/06/2006 


29 


48.185 


47.242 


0.45 




OSN 


07/06/2006 


22 


48.185 


47.245 


0.46 




OSN 


10/06/2006 


20 


48.184 


47.254 


0.49 




OSN 


23/06/2006 


5 


48.180 


47.320 


0.65 




OSN 


24/06/2006 


10 


48.180 


47.326 


0.66 




OSN 


12/04/2008 


10 


47.968 


47.305 


0.90 




OSN 


13/04/2008 


17 


47.967 


47.293 


0.89 




OSN 


14/04/2008 


10 


47.967 


47.280 


0.88 




OSN 


26/04/2008 


36 


47.963 


47.157 


0.73 




OSN 


27/04/2008 


27 


47.963 


47.148 


0.71 




OSN 


05/08/2005 


15 


41.058 


40.111 


0.51 




OSN 


06/08/2005 


10 


41.059 


40.107 


0.50 




OSN 


07/08/2005 


15 


41.059 


40.105 


0.49 




OSN 


10/08/2005 


15 


41.060 


40.102 


0.47 




OSN 


03/10/2005 


10 


41.074 


40.439 


1.09 




OSN 


04/10/2005 


21 


41.074 


40.451 


1.10 




OSN 


05/10/2005 


24 


41.074 


40.464 


1.11 




OSN 


15/09/2007 


10 


41.264 


40.410 


0.75 




OSN 


16/09/2007 


12 


41.264 


40.417 


0.76 




OSN 


17/09/2007 


10 


41.265 


40.426 


0.78 




OSN 


22/12/2003 


34 


36.431 


35.655 


0.96 




OSN 


26/12/2003 


21 


36.431 


35.695 


1.04 




OSN 
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Table 1. continued. 



Object 



Date 


# Images 


r h [AU] 


A [AU] 


a[deg] 


Filter 


Telescope 


28/12/2003 


26 


36.431 


35.719 


1.08 




OSN 


04/01/2004 


109 


36.431 


35.803 


1.20 




OSN 


19/01/2004 


19 


36.431 


36.015 


1.41 




OSN 


20/01/2004 


30 


36.431 


36.030 


1.42 




OSN 


21/01/2004 


40 


36.431 


36.046 


1.43 




OSN 


22/01/2004 


50 


36.431 


36.062 


1.44 




OSN 


05/12/2007 


51 


15.201 


14.300 


1.55 




OSN 


06/12/2007 


32 


15.201 


14.307 


1.61 




OSN 


07/12/2007 


20 


15.200 


14.313 


1.67 




OSN 


08/12/2007 


40 


15.200 


14.320 


1.72 




OSN 


10/12/2007 


35 


15.199 


14.343 


1.89 




OSN 


11/12/2007 


44 


15.198 


14.351 


1.95 




OSN 


13/12/2007 


40 


15.198 


14.360 


2.01 




OSN 


14/12/2007 


41 


15.198 


14.368 


2.06 




OSN 


08/03/2004 


34 


47.612 


46.746 


0.59 


R 


OSN 


09/03/2004 


24 


47.612 


46.754 


0.61 


R 


OSN 


10/03/2004 


32 


47.612 


46.761 


0.62 


R 


OSN 


11/03/2004 


16 


47.613 


46.767 


0.63 


R 


OSN 


23/03/2004 


23 


47.615 


46.875 


0.81 


R 


OSN 


22/04/2004 


39 


47.619 


47.268 


1.14 


R 


OSN 


23/04/2004 


53 


47.620 


47.283 


1.15 


R 


OSN 


25/04/2004 


48 


47.620 


47.314 


1.16 


R 


OSN 


26/04/2004 


42 


47.620 


47.330 


1.16 


R 


OSN 


27/04/2004 


37 


47.620 


47.345 


1.17 


R 


OSN 


05/08/2005 


15 


43.702 


42.908 


0.83 




OSN 


06/08/2005 


15 


43.702 


42.900 


0.82 




OSN 


07/08/2005 


10 


43.702 


42.891 


0.81 




OSN 


10/08/2005 


15 


43.703 


42.870 


0.76 




OSN 


03/08/2008 


16 


43.979 


43.240 


0.91 




OSN 


04/08/2008 


15 


43.979 


43.231 


0.90 




OSN 


06/08/2008 


52 


43.980 


43.214 


0.87 




OSN 


07/08/2008 


26 


43.980 


43.205 


0.86 




OSN 


14/09/2007 


10 


38.824 


38.014 


0.89 




OSN 


17/09/2007 


12 


38.825 


37.986 


0.83 




OSN 


30/11/2007 


52 


38.834 


38.102 


0.99 




OSN 


06/01/2008 


22 


40.173 


39.337 


0.75 




Calar Alto 


07/01/2008 


15 


40.173 


39.328 


0.73 




Calar Alto 


01/05/2008 


14 


40.133 


40.076 


1.44 




OSN 


04/05/2008 


18 


40.132 


40.125 


1.44 




OSN 


26/12/2008 


38 


40.051 


39.334 


0.97 




OSN 


01/03/2006 


21 


51.926 


51.075 


0.57 


R 


OSN 


02/03/2006 


9 


51.926 


51.073 


0.56 


R 


OSN 


07/04/2006 


145 


51.932 


51.150 


0.69 


R 


OSN 


08/04/2006 


23 


51.932 


51.157 


0.70 


R 


OSN 


10/04/2006 


84 


51.933 


51.171 


0.72 


R 


OSN 


12/04/2006 


55 


51.933 


51.187 


0.74 


R 


OSN 


27/05/2006 


15 


51.941 


51.715 


1.09 


R 


OSN 


28/05/2006 


20 


51.941 


51.728 


1.10 


R 


OSN 


29/05/2006 


5 


51.941 


51.744 


1.10 


R 


OSN 


05/06/2006 


5 


51.942 


51.846 


1.12 


R 


OSN 


06/06/2006 


10 


51.942 


51.863 


1.12 


R 


OSN 


07/06/2006 


35 


51.942 


51.875 


1.12 


R 


OSN 


10/06/2006 


10 


51.943 


51.922 


1.12 


R 


OSN 


14/12/2006 


31 


51.973 


51.974 


1.08 


R 


OSN 


15/12/2006 


36 


51.973 


51.960 


1.08 


R 


OSN 


16/12/2006 


30 


51.973 


51.945 


1.08 


R 


OSN 


17/12/2006 


18 


51.974 


51.930 


1.08 


R 


OSN 


18/12/2006 


5 


51.974 


51.915 


1.08 


R 


OSN 


11/01/2007 


9 


51.978 


51.569 


0.99 


R 


Calar Alto 


12/01/2007 


10 


51.978 


51.557 


0.98 


R 


Calar Alto 


13/01/2007 


7 


51.978 


51.544 


0.98 


R 


Calar Alto 



(136204) 2003 WL 7 



(90482) 2004 DW 



(120347) 2004 SB 6u 



(144897) 2004 UX 10 
2005 CB 79 

(136472) 2005 FY 9 
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Table 1. continued. 



Object 



(145451)2005 RM 43 



(145452) 2005 RN 43 



(145453) 2005 RR 43 



(145486) 2005 UJ 438 



2007 UL 126 (or 2002 KY 14 ) 



Date 


# Images 


r h [AU] 


A [AU] 


a[deg] 


Filter 


Telescope 


14/01/2007 


9 


51.978 


51.531 


0.97 


R 


Calar Alto 


15/01/2007 


4 


51.978 


51.518 


0.96 


R 


Calar Alto 


16/01/2007 


5 


51.979 


51.505 


0.95 


R 


Calar Alto 


09/03/2007 


10 


51.987 


51.122 


0.54 


R 


OSN 


10/03/2007 


20 


51.987 


51.121 


0.54 


R 


OSN 


11/03/2007 


32 


51.987 


51.121 


0.54 


R 


OSN 


12/03/2007 


25 


51.987 


51.120 


0.54 


R 


OSN 


13/10/2006 


19 


35.139 


34.321 


0.94 




OSN 


14/10/2006 


12 


35.139 


34.313 


0.92 




OSN 


15/12/2006 


18 


35.146 


34.356 


0.97 




OSN 


17/12/2006 


12 


35.146 


34.375 


1.01 




OSN 


18/12/2006 


27 


35.146 


34.385 


1.03 




OSN 


11/01/2007 


4 


35.149 


34.687 


1.43 




Calar Alto 


12/01/2007 


5 


35.149 


34.701 


1.44 




Calar Alto 


13/01/2007 


5 


35.149 


34.716 


1.45 




Calar Alto 


14/01/2007 


8 


35.149 


34.732 


1.46 




Calar Alto 


15/01/2007 


3 


35.149 


34.745 


1.47 




Calar Alto 


22/10/2006 


6 


40.723 


40.266 


1.25 


R 


INT 


14/09/2007 


7 


40.714 


39.808 


0.62 




OSN 


16/09/2007 


10 


40.714 


39.821 


0.66 




OSN 


17/09/2007 


10 


40.714 


39.829 


0.68 




OSN 


19/09/2007 


6 


40.714 


39.844 


0.71 




OSN 


03/08/2008 


15 


40.706 


39.766 


0.55 




OSN 


04/08/2008 


15 


40.706 


39.761 


0.53 




OSN 


05/08/2008 


30 


40.706 


39.756 


0.51 




OSN 


07/08/2008 


25 


40.706 


39.747 


0.47 




OSN 


08/08/2008 


37 


40.706 


39.743 


0.45 




OSN 


22/10/2006 


10 


38.410 


37.527 


0.69 


R 


INT 


23/10/2006 


6 


38.410 


37.522 


0.68 


R 


INT 


26/10/2006 


7 


38.41 


37.507 


0.62 


R 


INT 


15/12/2006 


17 


38.423 


37.639 


0.90 




OSN 


16/12/2006 


18 


38.423 


37.648 


0.91 




OSN 


17/12/2006 


12 


38.424 


37.658 


0.93 




OSN 


18/12/2006 


26 


38.424 


37.668 


0.95 




OSN 


11/01/2007 


4 


38.430 


37.974 


1.31 




Calar Alto 


12/01/2007 


5 


38.430 


37.989 


1.32 




Calar Alto 


13/01/2007 


1 


38.430 


38.004 


1.33 




Calar Alto 


14/01/2007 


6 


38.430 


38.019 


1.34 




Calar Alto 


15/01/2007 


5 


38.431 


38.034 


1.35 




Calar Alto 


16/01/2007 


5 


38.431 


38.050 


1.36 




Calar Alto 


14/09/2007 


5 


38.491 


38.020 


1.33 




OSN 


15/09/2007 


10 


38.491 


38.008 


1.32 




OSN 


17/09/2007 


15 


38.492 


37.980 


1.30 




OSN 


11/01/2007 


4 


9.837 


9.345 


5.09 




Calar Alto 


12/01/2007 


4 


9.834 


9.359 


5.14 




Calar Alto 


13/01/2007 


5 


9.832 


9.371 


5.19 




Calar Alto 


15/01/2007 


3 


9.828 


9.398 


5.28 




Calar Alto 


16/01/2007 


7 


9.826 


9.410 


5.32 




Calar Alto 


30/11/2007 


39 


9.189 


8.204 


0.29 




OSN 


06/01/2008 


23 


9.123 


8.372 


4.16 




Calar Alto 


07/01/2008 


29 


9.122 


8.382 


4.25 




Calar Alto 


26/12/2008 


15 


8.594 


7.635 


1.54 




OSN 


01/08/2008 


15 


8.665 


7.793 


3.62 




OSN 


02/08/2008 


15 


8.665 


7.787 


3.54 




OSN 


03/08/2008 


30 


8.664 


7.780 


3.47 




OSN 


04/08/2008 


25 


8.664 


7.774 


3.40 




OSN 


05/08/2008 


5 


8.664 


7.769 


3.33 




OSN 
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Table 2. Summary of results from this work. In the table, we present the name of the object, the preferred rotational period and lightcurve 
amplitude, the absolute magnitudes (MPC values), the Julian Date (tp ) for which the phase is zero in our lightcurves. Densities are also shown 
such lower limits (see text). 



Object 


Designation 


Preferred Period [h] 


Amplitude [mag.] 


^0 [JD] 


Absolute magnitude 


F — ; — 

p[g/cm 3 ] 


Binary/Multiple? 


(55567) Amycus 


2002 GB 10 


9.76 


0.16±0.01 


2452707.45519 


7.8 


0.41 




(136108) Haumea 


2003 EL 61 


3.92 


0.28±0.02 


2454112.62040 


0.2 


2.61 


Yes 


(136472) Makemake 


2005 FY 9 


7.65 


0.014±0.002 


2453796.63861 


-0.3 


0.66 




(52872) Okyrhoe 


1998 SG 35 


4.86/6.08 


0.07±0.01 


2454440.62025 


11.3 


1.65/1.05 




(90482) Orcus 


2004 DW 


10.47 


0.04±0.01 


2453073.36884 


2.3 


0.35 


Yes 


(50000) Quaoar 


2002 LM 6 o 


17.68/8.84 


0.15±0.04 


2452781.58625 


2.6 


0.50 


Yes 


(42355) Typhon 


2002 CR46 


9.67 


0.07±0.01 


2452668.46043 


7.2 


0.42 


Yes 


(20000) Varuna 


2000 WR 106 


6.3418 


0.43±0.01 


2453376.47462 


3.6 


1.03 




(15874) 


1996 TL 66 


12 


0.07±0.02 


2453355.37197 


5.4 


0.27 




(12929) 


1999 TZ[ 


10.422 


0.07±0.01 


2454155.67015 


9.3 


0.36 




(126154) 


2001 YH140 


13.2 


0.13±0.05 


2453355.62794 


5.4 


0.22 




(55565) 


2002 AW 197 


8.78 


0.04±0.01 


2452672.42954 


3.3 


0.50 




(55636) 


2002 TX 300 


8.16 


0.04±0.01 


2452859.51500 


3.3 


0.58 




(555638) 


2002 VE95 


9.97 


0.05±0.01 


2453024.42248 


5.3 


0.39 




(208996) 


2003 AZ g4 


6.79 


0.07±0.01 


2453026.54640 


3.6 


0.85 


Yes 


(120061) 


2003 COi 


4.51 


0.07±0.01 


2453024.70117 


8.9 


1.92 




(120132) 


2003 FY 12g 


8.54 


0.15±0.01 


2453411.64303 


5.0 


0.54 




(1 /456/) 


2003 MW12 


5.90//. 8/ 


A (\H 1 A A 1 

0.06±0.01 


2453884.58013 


3.6 


l.lz/0.63 




(120178) 


2003 OP 32 


4.05 


0.13±0.01 


2453588.39312 


4.1 


2.38 




(84922) 


2003 VS 2 


7.42 


0.21±0.01 


2452996.37506 


4.2 


0.74 




(136204) 


2003 WL 7 


8.24 


0.05±0.01 


2454440.28625 


8.7 


0.57 




(120347) 


2004 SB 60 


6.09/8.1 


0.03±0.01 


2453588.43205 


4.4 


1.05/0.59 


Yes 


(144897) 


2004 UX 10 


5.68 


0.08±0.01 


2454358.47542 


4.7 


1.21 






2005 CB79 


6.76 


0.13±0.02 


2454472.56600 


5.0 


0.86 




(145451) 


2005 RM43 


6.71 


0.04±0.01 


2454022.46809 


4.4 


0.86 




(145452) 


2005 RN43 


5.62/7.32 


0.04±0.01 


2454358.44257 


3.9 


1.23/0.73 




(145453) 


2005 RR43 


7.87 


0.06±0.01 


2454031.46931 


4.0 


0.63 




(145486) 


2005 UJ 4 3 8 


8.32 


0.13±0.01 


2454112.31250 


10.5 


0.56 






2007 UL 126 or 2002 KY, 4 


3.56/4.2 


0.13±0.01 


2454680.38646 


9.4 


3.09/2.22 





